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This inventionrelates fo binary add-subtract 
device. 
In application Serial No. 491,13ô, filed June 17, 
1943, now Patent No. 2,397,604, means has been 
described for transmitting an indication stich as 
a bearing to a distance by conVerting the bearing 
or other indication into the form of a number 
expressed in radix two. Such a number will bave 
2 as a base instead of I0, which is the base of the 
ordinary numbering system. Each denornination 
of a number in radix two is either 0 or 1. When 
1 is added fo a digit of a radix two nurnber and 
the resulta.nt cornes to more than I, 0 is entered 
and 1 is carried to the next denomination. The 
radix two ïumbers corresponding to radix ten 
numbers frorn 1 fo 12 are as follows: 

Radix ton 

Radix two 

111 
1009 
1001 
1010 
1011 
1109 

In many cases it may be round necessary to apply 
a correction to the bearing o'r indication" trns- 
mitted in accordance with said application or to 
transrnit a bearing or indication that is S0me 
function of an original bearing or indication. 
This may be carried out by means oÏ the present 
invention, by acting upon the representatidn of 
the bearing as a number expressed in radix two. 
According to one feature of the present inven- 
tion we provide electrically operated calculating 
equipment comprising means for automatically 
performing calculating operations in radix two. 
As noted above there are only two possible 
vaues for any digit of a number expressed  in 
radix two, narnely 1 and 0. Accordingly the value 
of a digit of a number expressed in radix two can 
be represented by.the operated or unoperated con- 
dition of a relay, the relay being operated' if the 
value be 1 and unoperated if the value be zero, 
It is, of course, to be understood that the digital 
value could be represented by means oÏ the two 
different conditions of operation of a polarised 
relay. The operated or non-operated condition 
oÏ a simple, unpolarised relay is, however, pre- 
ferred ïor economic reasons, aspolarised relays 
are relatively expensive. 
A  number expressedin rad two posseSses a 
much larger number of digits (approximately 
three rimes) than thenumber of the same value 
expressed in radix ten, i. e the normal decimal 
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notation for a number, but the simplicity of repre- 
sentation of a digital value, and (as will be here- 
inafter apparent) the simplicity of the calculat- 
ing operations.when perforrned in radix two coin- 
5 pared with those perforrned in radix ten result 
in considerably cheaper equipment and in more 
rapid operation than in .the case of calculating 
equiprnent in which çhe calculations are per- 
formed in radix ten. 
Io According to another feature of this invention 
we provide means for automatically perÏorming 
calculations upon numbers expressed in radix 
two. 
A number may be expressed in radix two for the 
! 5 purpose oÏ performing a calculation thereupon by 
being represented by the conditions of relays, one 
for each digit, each relay being operated or un- 
operated according as the cdrresponding digital 
value is 1 or0 respectively. 
20 Accordingto yet another feature of this inven- 
tion electrically operated calculating equipment 
Comprises means for entering into said equip- 
ment numbers expressed in radix two andfor 
autornatically Performing calculations upon said 
25 numbers. 
A  number expressed in radix two may be 
entered into the Calculating equipment by con- 
necting ground potential or no potential to a plu- 
rlityof wires, one for each digit of the number, 
20 bi mans of the apparatus described in appïïa- 
tion Ser/No. 491,136 referred fo above. 
According fo still another feature of the in- 
vention, electrically operated calculating equip- 
ment smprises means for representing ïn radix 
35 two mtmbers entered therein and for autom£ti: 
cally perfoming calculating operations upon said 
numbers and for obtaining the solution thereof 
as a numbC expressed in radix two. 
According [o another f£ture of this invention 
40 electrically operated calcïlating equipment com- 
prises two sëts of relays, ech set representing 
by the operated andunoPerated conditions of the 
said elays a number expressed in radix two and 
electrical circuits cornprising contacts of the said 
 15 relays ïor representing the solution oÏ a calcula- 
tionperformed on Said numbers as a combina- 
tion 0f p0tentialsapplied to a set of wires. 
The nature of the invention wfll be bettèr 
understood from the following description tken 
50 in conjunction wih the accompanying ch'awïns 
in which Figs. î, 2, 3, 4A and 5 are diagrams Of 
relay contacts and associated circuits illustring 
how electric circuits may be used f6r pei'foing 
addition and subtrction 0perations in raix two; 
55 g. 4 is a circuit diagram of an electric circuit 
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. for adding or subtracting two numbers expressed 
in radix two; whilst Fig. 6 is a circuit diagram 
of as much of the circuits of an electrically op- 
erated calculating equipment for adding and/or 
subtracting a succession of numbers as is neces- 
sary for the illustration of the present invention. 
Belote considering the accompanying drawings 
if is desirable fo consider the nature of the re- 
sults obtained when operating in radix two fo add 
or subtract two digital values. The results of 
these operations in the case of a given pair of 
digital values depend upon whether a value has 
been carried over from a lower denomination in 
the case of addition or borrowed by a lower de- 
nomination in the case of subtraction. 
The following table shows the possible results 
of operating on digital values, which, fo fix ideas 
wfll be noted as A and B respectively, in a par- 
ticular denomination. 

:Digital 
Values 

Carried from 
or borroweçl ist 2nçl 
by next 
lower denom- lac- fac- 
ination tor tor 

A B 

0 0 0 
1 0 0 
0 0 1 
1 0 1 
0 1 0 
1 1 0 
) 1 1 
1 ............. 1 1 

Addition 

Crry 
Sm to next 
higher 
denomi- 
AçB nation 

0 0 
1 0 
1 0 
0 
1 0 
0 1 
0 1 
1 1 

Subtraction 

Borrow 
Dffer- from next 
ence higher 
A-- B denomi- 
nation 

0 E 
I 1 
I 1 
0 1 
1 E 
0 E 
0 E 
1 1 

Considering the above table more in detail the 
first-line of figures is self-evident. For the sec- 
ond line, the addition items are self-evident. The 
subtraction items may be seen tobe true, if if be 
considered that, as I has been borrowed to allow 
of a subtraction being performed in the next 
lower denomination, a digital value I must now 
be subtracted from a digital value 0. This can- 
hot be performed without borrowing, consequently 
1 must be borrowed from the next higher de- 
nomination as shown in the last column of the 
table. This digital value 1 when borrowed and 
transferred to the digital value under considera- 
tion becomes two (10), and thus the subtraction 
results in a digital value of I being entered in the 
answer as indicated in the penultimate column 
of the table. 
A simflar analysis will show the correctness of 
the remaining items in the table. One result 
shown in the above table is that the digital value 
fo be entered in the answer for any particular 
denomination is the same for A÷B as for A--B. 
In the drawings, relays bave been designated 
by a letter or letters followed by a slanting line 
and a number, the number representing the hum- 
ber of contacts which are physically controlled 
by the relay. These contacts are shown distrib- 
uted over the various figures in the circuits which 
they control, rather than in close association with 
the relays fo which they belong. The contacts 
are designated by the letter or letters of the relay 
fo which they belong followed by a number fo dif- 
ferentiate the contacts of the same relay. This 
arrangement avoids a complex wiring diagram 
and makes the drawing easier fo read and under- 
stand. 
leferring now fo the drawings, Fig. 1 shows 
how the operations of addition or subtraction in 
radix two may be performed by means of an 
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electric circuit. In Fig. 1 there are represented 
contacts AI and A- of a relay A, not shown, and 
contacts BI of a relay B, not shown. Digital 
values fo be added are denoted by the conditions 
5 of relays A and B and thus by the conditions of 
their contacts and may represent digital values 
A and B of the table given above. A relay is op- 
erated for a digital value of 1 and unoperated for 
a digital value of 0. A ground upon the wire ] 
10 on the right of the figure indicates that there 
has been carry-over from or borrowing by the 
next lower denomination, and a ground upon the 
wire 0 that there has been no such carry-over or 
borrowing. If will be seen that one or the other 
15 of these grounds wfll be extended fo the wire 
marked  on the left of the drawing if the 
digital value fo be entered in the answer for the 
sum or difference (including the carry-over or 
borrow conditions) is 1 and that no ground will 
20 appear on this wire if the entry in the answer 
is fo be zero. Thus, if there is a ground applied 
fo the wire ] ai the right because 1 is fo be car- 
ried from or borrowed by the next lower denomi- 
nation, then, with the two relays unoperated, as 
25 shown, representing 0 for both values A and B, 
the wire ] ai the left will have a ground through 
the back contacts of the relays, indicating that 
the sum or difference is I. If both the values A 
and B are 1 and the relays are thus both operated, 
30 the ground will be delivered fo the wire ] ai the 
left through front contacts A and B. But if 
either one of the relays is operated and the other 
hot operated, no ground wfll be delivered fo the 
wire ai the left, indicating that the digital value 
35 of the sure is 0. The ground on wire | on the 
lefç may be extended to any apparatus by which 
if is desired that the digital value in the answer 
may be expressed, such as the windg of a relay 
or an eiectric lamp or like indicator. If will be 
40 noted that in Fig. 1 the contacts of A and B are 
interchangeable; in other words contacts A and 
A2 could be replaced by similarly connected con- 
tacts of relay B, if contacts I are replaced by 
similarly connected contacts of relay A. 
45 Fig. 2 shows a circuit for realising the condi-" 
tions of carry-over in the case of additions. As 
in Fig. 1 the digital values fo be added are de- 
noted by the conditions of relays A and B (hot 
shown) and thus by the conditions of their con- 
50 tacts A3 and A4, and B2, B and B4. Ground 
on the wire  or the wire {} on the right of the 
figure is an indication that a digital value of 1 or 
0 respectively has been carried over from the 
next lower denomination. The relay contacts 
55 shown extend this ground, in accordance with 
their conditions fo wire  or wire 0 on the left 
of the drawing according as the value to be 
carried over fo the next higher denomination is 
1 or 0 respectively. Thus, if the relays are both 
60 unoperated because the digital values of A and 
B are both 0, then ground is delivered fo the wire 
marked 0 af the left from the ground which is 
shown connected fo the moving contact of B, 
through B back and A4 back, indicating that 0 
65 is to be carried to the next higher denomination. 
It is then immaterial as to whether or hot the 
wires  and  af the right have grounds applied 
fo them. if the relays are both operated be- 
cause the digital values of A and B are both 1, 
70 the ground on B3 will be delivered fo the .wire 
marked  af the left, indicating that 1 is fo be 
carried over fo the next denomination. Again 
the condition of the wires  and } on the right 
is immaterial. But, if only one of the relays A 
75 and B is operated, then the condition of the wires 



i and } on the right will determine which of the 
wires ! and ] on the left will have a ground ap- 
plied toit. For instance, if A is opelated and B 
is hot, then a ground on wire ! at the right will 
be carried to.wire ! at the left through back con- 
tacts t]2 and front contacts A3, while a ground 
on wire 0 af the right will be carried fo wire {} at 
the left through back contacts t4 and front con- 
tacts 
inspection of the table given above will show 
that the conditions such that a digital value of 
is fo be borïowed from the next higher denom- 
fl]ation in the case of subtractioï] are hot iden- 
tical with the conditions in which a digital value 
of 1 is tobe carïied over to the nexb higher de- 
nomination in the case of addition, and hence 
different circuit is necessary for subtraction. 
Fig. 3 shows a circuit for determining the value 
of the digital value tobe borrowed ïrom the next 
higher denomination, the conventions being 
similar to those of Fig. 2. In Fig. 3, if neither 
relay A or B is operated, the ground conditions of 
the wires  and 0 ai the right are transformed to 
the wires ! and 0 at the left while if che of the 
re]ays is operated without the other, the ground 
at t]3 .wiI1 be delivered to che or the other of the 
wires ! and } at the left. This is in confoïmity 
with the values giien in the table. 
Inspection of Figs. 2 and 3 will show that Fig. 2 
may be converted into Fig. 3 by reversing the 
connections to contacts A3 and also those fo con- 
tacts Ad at the points marked X and ¥ respec- 
tively. In other words, if at the points so marked 
a wire connected to a back contact of A is con- 
nected to a front contact, and vice versa, the 
circuit of Fig. 2 becomes that of Fig. 3. It ïol- 
lows also that a similar interchange at the points 
X and ¥ in Fig. 3 results in the circuit of Fig. 2. 
From the above if will be seen that a circuit for 
performing addition _ay be conveïted into a cir- 
cuit for performing subtraction by interposing at 
the points X and ¥ in Fig. 2 contacts of a relay 
which is, for example, unoperated to indicate an 
additiol] operation and operated to indicate a 
subtracticn operation, the back contacts oî the 
re]ay causing the coni]ecticns tobe as in Fig. 2 
and the îront contacts of the relay causing the 
connections tobe as in Fig. 3. 
According to another ïeature of this invention 
we provide means for automatical]y performing 
calculations upon numbers expressed in radix 
two. 
A number may be expressed in radix two for 
the purpose of performing a calculation there- 
upon by being represented by the conditions o 
re!ays, che for each digit, each relay being oper- 
ated or unoperated according as the correspond- 
ing digil.al value is 1 or 0 respectively. 
According toyet another ïeature of this in- 
vention electrically operated calculating equip- 
ment comprises means for entering into said 
equipment numbers expressed in radix two and 
for automatica!ly perîorming calculations upon 
said numbers. 
A number expressed in radix two may be en- 
tered into the calculating equipment by connect- 
ing ground potential or no potential to a plurality 
of wires, che for each digit of the number, by 
means of the apparatus described in application 
Ser. No. 49!,136 reïerred to above. 
According to still another feature of the inven- 
tion, electrically operated calculating equipment 
comprises means for representing in radix two 
numbers entered therein and for automatically 
perïorming ca]culating operations upon said 

numbers and for obtaining.the solution ther_eofï.as 
a number expressed in radix two. 
Fig. 4 shows.how an addition or subtraction op- 
eration may be performed upon two numbe:s.: 
» represented in radix two and the. Solution ob 
tained as a number expressed in radix two, 
assumed that a first, number is expessect in 
two by means of a series of relays BA, CA, DA; 
EA, FA and GA. There is a relay-for each digit. 
;. and it is assumed for the purpose of illustration, 
that the numbers tobe opeated, upon contain a 
maximum of six digits each. The number 
ferred fo may be entered in radix two.by means, 
of the apparatus referred above, but is: in: 
.ç, any case represented by the combination, of: the 
operated or non-operated conditions, of-elays 
BA . . . GA, a relay being operated for a.digital, 
value of 1 and hot operated for a digital rallie, of 
0, relays BA and GA being assigned to the:digits: 
.': of highest, 2 s, and lowest, 20, denominatios:r.e- 
spectively: A, second number is simi]arly reprend. 
sented by the combination of the operated or non 
operated conditions of further relays t]B, CB;DB; 
EB, FB and GB. Fig. 4 shows how. the principlëof 
.-» the circuits of Figs. 1 and 2 maF be used fo obtain 
the sure of the two numbers as a number 
pressed in radix two.and represented by thecom, 
bination, of the operated or non, opera£ed condi- 
tions of re]ays AR, t]l, CI; DR, ER;_ FR, 
: che for each digit in thenumber which is the 
solution. Each of the blocks denoted S 0 . . . 
is a circuit similar to (or slightly modified«from» 
as 'wfll be explained) that of Fig. 1, whflst each 
of the blocks denoted CO 0 . . . CO s is a: circuit, 
:5 similar to that of Fig. 2. In each case the 
tacts included in the circuit are shown in the. 
block. 
Commencing with the digit of lowest denomina .... 
tion, i. e. denomination 20, the digital values fo be 
4o added are denoted by the conditions of relays. GA 
and GB. The block denoted S o with contacts 
GA2 and GB! therein accordingly repres ents a 
circuit similar to that of Fig. 1 constructed :with 
contacts of relays GA and GB but. simplified by 
« omitting any conditions of carry, over ïrom a 
lower denomination, i. e. by omitting the con- 
tacts of GA corresponding to contacts A!. If Çne 
(but hot both) of relays GA and GB is operated 
ground appears upon the outgoing wire COl- 
,* nected to relay GR and battery, and relay GR 
operates to indicate a digital value of 1 in .the 
solution; otherwise relay GR does hot operate and 
a digital value of 0 is thus indicated. 
For the digit of next higher denomination, i. e. 
.r denomination 21, any carry over resulting from 
the addition of the values of the digits of lowest 
denomination 2o must be added to the sure of 
the two digital values to be added. The block 
, marked CO 0 in which the contacts GA$, GA, 
GB3 and GB appear accordingly represents a 
circuit like that shown in Fig. 2 with contacts of 
relays GA and GB therein and simplified by the 
omission of any conditions for carry over ïrom 
. a lower denomination. Thus the contacts oï GB 
corresponding to B2 are omitted. The output 
wires from the left of this circuit are connected 
to the circuit represented by blocks S 1 in which 
appear the contacts FA!, FA and FB!, which 
7o the circuit of Fig. 1 applied to determine the 
digital value appearing in the solution in de- 
nomination 21 and corresponding .fo the sure of 
the digital values represented by the conditions 
of relays FA and FB. llelay FI cormected fo 
7 this circuitaccordingly denotes by its operation 
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or non=operation the corresponding digital value 
1 or 0 in the solution in denomination 21. 
Again, for the digit in the solution in denomi- 
nation 2 " the output of the carry-over circuit CO 
for FA and FB is connected to the input of the 
sum circuit S 2 (like that of Fig. 1) incorporating 
contacts EAU, EA2 and EB of relays EA and EB. 
The output of this latter circuit is connected fo 
relay ER which indicates by its condition the 
digital value in the solution in denomination 22. 
It wfll be seen that similar connections deter- 
mine the conditions of relays DR, CI% and 
for the digits in denominations 23, 25, and 25, re- 
spective]y, of the solution. The digit of highest 
denomination 25 of the solution is denoted by the 
condition of relay AI% which is determined di- 
rectly by the output from the carry over circuit 
CO 5 inc]uding contacts BA3, BB2, and front con- 
tacts BB3. The contacts corresponding to con- 
tacts A4 and Btl of Fig. 2, which would be de- 
signated BAtl and BBtl, are omitted in this case, 
since no carry-over to a higher denomination is 
needed. 
The circuit of Fig. 4 may be used to give the 
solution for either an addition or a subtrac- 
tion operation by interposing in each carry-over 
circuit contacts of a subtraction re]ay af the 
points indicated in Fig. 2 by X and Y. In Fig. 
a re]ay SU/4 is shown for making this change- 
over in the connection of the contacts in one of 
the carry-over circuits, the circuit CO  being 
chosen as an illustration, and if wi]l be understood 
that there wi]] be such a re]ay in each of the 
carry-over circuits. When the re]ay is hOt oper- 
ated, back contacts SUI, SU2, SU3, and SU4, 
connect the circuit as in lig. 2, but when the 
re]ay is operated, front contacts SUi, SU2, SU3, 
and SU4 connect the circuit as in Fig. 3. The 
re]ays SU, therefore, are operated only when 
the operation of subtraction is desired. 
According fo another feature of this invention 
e]ectrical]y operated calcuiating equipment com- 
prises two sers of re]ays, each set representing 
by the operated and unoperated conditions of 
the said re]ays a number expressed in radix two 
and e]ectrica] circuits comprising contacts of the 
said re]ays for representing the solution of 
ca]cu]ation performed on said numbers as a com- 
bination of potentials app]ied fo a set of wires. 
In Fig. 4 a set of wires, one for each digit, con- 
nected to relays AR . . . GR is shown and 
digital value is expressed by the prcsence or ab- 
sence of ground potential on the said wire. If 
if is required fo display the number representing 
the solution, this may be done by causing thi 
re]ays AI% . . . GR to close over their front con- 
tacts the circuits of lamps to show the digital 
 Values, and if desired, the circuits of lamps to 
show the digital values 0 may be c]osed over back 
contacts of the same relays. As an alternative, 
however, it is possible to modify the circuit of 
Fig. 4 fo provide two ourlet wires for each digit, 
digital value of 1 being represented by ground po- 
tential on one wire and a digital value of 0 by 
ground potentia] on the other wire. For this 
purpose, each circuit S ° . . . S 5 is modified as 
shown in Fig. 5 in which another set of back and 
front contacts, ]35, are provided for the addi- 
tional output wire, the output wire is connected 
to the movable arm, whfle the back contact 
is connected to the back contact of A2 and 
the front contact is connected to the back 
contact of Ai. The potentia] applied fo one or 
other of the input wires on the right is thus ex- 
tended to one or other of the output wires on the 
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left according as the digital value fo be enered 
in the answer is 1 or 0 respective]y. 
Fig. 6 shows the circuits of one form of an elec- 
trica]]y operated ca]cuiating equipment in which 
 numbers may be entered successive]y. The equip- 
ment may be adapted for numbers of any desired 
number of digits. The circuits for the digits from 
the ]owest denolnination 2 o, intermediate de- 
nominations 2 , 22 and the highest denomination 
10 2 N oÏ numbers fo be entered therein are shown. 
The circuits for a digit of denomination 2 N+I fo 
provide for carry over into that denomination 
are a]so shown. 
The terminals shown on the ]eft of the drawing 
 at lA, 1A and IS are those to which potentia]s 
are app]ied from an external contro] circuit in 
order to enter numbers into the equipment and 
the terminals shown ai  are those upon which 
potentia]s are app]ied by the equipment fo rep- 
0 resent the solution obtained. The circuits be- 
]onging to digits of a particular denomination 
are al] arranged in a co]umn headed with the 
value of that denomination, whilst re]ays for 
control]ing the sequence of operations are shown 
 in the ]eft hand co]umn. 
The relay ZP (]ower ]eft) is normal]y operated 
in a circuit from battery, resistance YB, E back, 
winding of ZP, C back and AP back in para]lel 
to ground. Af ZP, front (shown operated af 
30 the bottom of the figure), ground is maintained 
over T back and AL2 back on terminal P to in- 
dicate that a number may te entered, as, for in 
stance, by completing the circuit of lamp con- 
nected fo terminal P. 
., Numbers are entered in radix two. The first 
nurnber to te entered may te entered by means of 
terminals IA 1 or terminals IA. Subsequent num- 
bers must be entered on terminals LA for addi 
tion or on terminals IS for subtraction. In each 
40 case the number is expressed in radix two by 
app]ying ground potentia]s to those termina]s 
corresponding to digits of the value 1. 
Addition 
45 Suppose that the firt number is entered on 
terminals A  by connecting ground fo certain 
of the IAI terminals by means of corresponding 
keys, hot shown. Aggregate relays Z, NZ . . . DZ 
corresponding to digits of value i operate, and 
50 close locking contacts Zi, NZI ... DZI, over 
which therefore ground is extended fo short cir- 
cuit re]ay ZP. This ground remains whi]st any 
key remains actuated and ZP thus releases and 
removes ground from termina] P. Contacts Z$, 
55 NZ$ ... [Z8 operate corresponding aggregae 
retaining relays B, NB . . . )B, which, however, 
perf0rm no function af present. I%elays Z[, 
NZ . . . OZ lock in series with relays ZP when 
ground is removed from the corresponding line 
60 IA! via AP2 or C3, winding of ZP, I)Z[, winding 
of DZ, battery. The relays B, NB . . . (lB are 
picked up over the back contact C4. 
A second number is entered on terminals IA 
and relays NA . . . A cm'responding to digital 
65 values 1 are operated. This action may follow 
or overlap the entry of the first number. When 
the grounds representing the first number are 
removed ZP reoperates and replaces ground on 
terminal P. Pelays NA . . . DA close their con- 
70 tacts NA! . . . A[, and when the grounds are 
removed from terminals IA, relay AP oPeraes 
in series with any of the relays NA . . . DA that 
bave been operated. This circuit is traced from 
ground, through winding of AP, T! back, DAl 
7. front, DS3 back, fo battery through winding of 
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0A, or similar circuits through the windings of 
such of te relays A . . . 0A as are operated. If 
the two numbers are being entred concurrently, 
relay AP cannotoperat untfl ZP has re-operatd, 
since until then itis kept short circuited over 
back contacts ZPI and back contact API. 
Ground over front contacts AP2 (lower left), 
holds te operated aggregat retining relays 
B, NB . . . 0B over their own front contacts in- 
dependently of the contacts of the aggregate 10 
re]ays Z, NZ . . . }Z. Front contacts AP{ (top 
left) close a circuit fo operate the calculate re- 
lay C. Front contacts C (immediately below 
relay C) apply ground over resistance YA fo 
hold the operated relays NA . . . 0A independ- 
ently of contacts T. This ground shunts re- 
lay AP, which, however, does hot release be- 
cause of the resistance YA. Back contacts 
(lower left) open the energizing circuits for the 
aggregate retaining relays B, NB ... 0B, but 
those which are operated remain locked over 
front contacts B {,.iVB { . . . 0B { respectively, and 
AP2 front fo ground, and later over C4 front 
to ground. 
At back contacts C3 (center ]eït) the circuit 
îor ZP and the !ocking circuits for the aggregate 
relays Z, NZ . . . 0Z are opened. At front con- 
tacts C3 new circuits, built up as previously de- 
scribed with çeference fo Figs. 1, 2 and 4 are 
completed for the aggregate relays Z, NZ . . . 0Z, 30 
so that some or all of these re]ays now operate 
in accordance with the new aggregate. Sup- 
pose, for example, the first number entered on 
wires IA{ be 101 then relays 2Z and {}Z operate 
originally and cause the operation of relays 
and 0B. Suppose also the second number en- 
tered on wires JA be 111. Then relays 2A, {A, 
and 0A operate. After relays 2Z and 0Z re- 
lease, fresh circuits are completed for relays of 
the series NZ . . . 0Z, representing thesum oï 40 
101 and 111. This sure would be arrived af on 
paper thus: 
101 
111 
 45 
1100 
In order fo produce this resu]t re]ays NZ and 2Z 
operate in the following circuits (these circuits 
may be traced by considering the column con- 
taining NZ as equivalent fo 23 denomination for 
the purpose of demonstrating this simple ca]cu- 
lation) : Battery, lower winding NZ, contacts 
back, contacts iVB5 back, contacts 2A2 front, 
contacts 2B6 front, contacts C3 front, .ground. 55 
Battery, lower winding 2Z, 2A front,.2BS, front, 
lA2 front, {B2 back, 0A2 front, 0B front, 
front, ground. The operation of the relays NZ 
and 2Z Place grounds from terminal 1  on the 
proper wires, 23 and 2 ofthe resultant wires 
as.wi]l be later described. 
Relay ZP upon releasing opens the circuit fo 
the pilot terminal P. lelay C af front contacts 
C2 (center left) closes a circuit for.a,slow-to- 
operate timing çelay T. When relay T operates, 5 
which if does hot do until suïcient rime bas 
elapsed fo permit the aggregate rel.ays Z, 
NZ . . . 0Z to release or operate, the circuit for 
relay AP is broken by contacts T{ shown.ad- 
jacent that re]ay, le]ay AP releases and af 
contacts AP{ breaks the circuit for relay C. 
Aç contacts AP2 back a ]ocking circuit is closed 
for the opeated ones of the relays Z, NZ . . . 0Z 
in series with relay ZP. At contacts C{ (upper 
ieft) the locking circuit for the operated addi- 
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tion factor relays NA . . . {}A are broken and 
these relays release. At contacts C'4 (lower left) 
the locking circuits for the operated aggregate 
retaining relays B, NB . . . 0B are broken and 
new circuits are closed in accordance with the 
new aggregate over contacts Z, NZ ... {}Z 
Ïor a new selection oÏ these relays. At con- 
tacts C2 (center left) the circuit of relay T is 
broken. 
When relay T has released, which it does hot 
do until rime has been given for the .addition 
ïactor relays NA . . . 0A to release, gro,und po« 
tential is applied to a combination of terminals 
0 in accordance with the new aggregate (ground, 
T2 back, ZP2 front, AL2 back, operated contacts 
Z2, NZ2 . . . 0Z2) and also to terminal P, thus 
indicating a number which is the sum in radix 
2 of the two numbers entered at terminals IA  
and IA, respectively. Thus, for the number 1100 
20 which is the sum of 101 and 111 (all being ex- 
pressed in .radix two) ground will be connected 
to terminals 22 and 2 N of the set of terminals 
0 over front contacts 2Z2 and NZ2, respectively, 
AL2 back, ZP2 front, and T2 back. 
It will be seen that if the.first number be en- 
tered on terminals IA, instead of IA it will be 
transferred fo the aggregate relays NZ, 0Z and 
the aggregate retaining relays NB, 0B. The 
aggregate (being then only the single number 
that has been entered) wfll appear on the ter- 
minals {}. Thus, if the number 1001 be entered 
on the terminals {A and it be assumed that the 
thousand denomination be 2N, then relays NA 
and 0A will operate. This wi]l cause relay 
to operate from battery through the lower wind« 
ing of NZ, NA4 front, NB back, 2A$ back, B 
back, C3 front, to ground. RelaY 0Z will also 
operate from battery, through the lower wind « 
ing of 0Z, {}A4 front, 0B back, A2 back, C 
froit, fo ground. 
The operated aggregate relays Z . . . 0Z, and 
the operated aggregate retaining relays 
B . . . 0B remain operated until a further hum- 
ber is entered into the equipment, or until 
ground is applied fo terminal E. (upper left), 
The latter operated relay E, which at contacts 
E{ (left lower center) breaks the locking circuits 
for the operated aggregate relays and the re- 
lay ZP. These last mentioned relays release 
and release the operated aggregate retaining 
relays B . . . 0B. 
!t makes no difference when the entries of 
numbers are affected all at once or digit by 
digit. ïhe AP relay is energized as soon as 
any digit is entered in the A relays and the 
ïelay C is picked up and a ca]culation proceeds 
to take place. Suppose the number 111 were to 
be entered on the !A leads and the 12 denomi- 
nation were entered first. Ca]culation .would 
proceed and the solution 100 would appear on 
the 0 leads. ïhen suppose the 1 in the 20 de« 
nomination were entered. Calculation would 
again proceed and 1 in the 20 denomination 
would appeaï in the solution leads 0. In the 
same manner the insertion of1 in the 2 will 
produce calculation and produce a 1 in the 2 ] 
of the solution. Any number fo be added can 
be entered in this manner and wiI1 produce the 
correct result, if however, the ground is still 
on any one of the entering leads IA, the relay 
AP will not be operated, since iç is shorted by 
that particu!ar lead. Hence no ca]culation will 
take place until all of the input ]eads IA are 
free of grounds. In the event the digits of a 
multi-edge item are entered sequentially, ade- 



11 
quate rime must-be provided between every two 
successive digit entries. Itis the function of 
signal line P fo prevent premature entry of 
successive numbers, or individual digits, if they 
are treated as complete numbers in themselves. 
Subracion 
T'ne operation of the circuits for subtraction 
can best be followed by means of an example. 
As belote stated, there is assumed to be in Fig. 
6 a column for each denomination and thus 
the circuits for any denomination above 2 - can 
be followed by means of the circuits of NA, NS, 
NZ and NB in the .column for denomination 
2 by merely considering N fo be replaced by 
the appropriate denomination index. Suppose 
the minuend be I01 and it be entered on ter- 
mina]s-IA. Aggregate relays 2Z and 0Z oper- 
are as described above for the case of addition 
and cause the operation of the aggregate re- 
taining relays 2B and 0B. 
T'ne minuend might however have been entered 
by means of terminals IA. In that case relays 
2B and 0B also operate in the manneï described 
for addition. 
The subtrahend is entered by applying ground 
fo a combination of the termina!s IS which 
ground operates a combination of the subtra- 
hend relays NS . . . 0S. If the minuend had 
been entered ön the termina!s IA the operatoï 
must wait for the lamp connected to terminal 
P fo be lit belote entering the subtrahend, but 
if  the minuend is entered on terminals iA, the 
subtrahend may be entered concurrently there- 
with. Suppose the subtrahend be 11. Then 
relay !S and OS operate. Oveï contacts 0S 
and S the grounds on the respective termi- 
nals of the set S are extended to relay S, which 
operates. These relays S, 0S and S remain 
operated so long as the entering grounds are 
maintained. Ai contacts $3, S, $5 etc. cir- 
cuits are closed for all relays of the set A, 
NA . . . 0A except those corresponding fo the 
relays of the set NS... OS that are oper- 
ated. Assume that provision is ruade for enter- 
ing six digit numbers, so that there are seven 
relays A, SA, dA, 3A, ,A, tA, ûA. lelays A, 
A, 4A, 3A and 0A will operate. The circuit 
fQr relay A is from battery, winding of A, S 
front, T back, winding of AP, ground. The 
circuits for A, A, 3A and -A are similar, the 
general circuit, that of NA, being over IIS3 back, 
S front, T back, winding of AP, ground. 
There is no circuit for A (open ai 0S3) or A 
(open at $3). le!ays, A, A, 4A, 3A and A 
lock over contacts A, A etc. independently 
of contacts of S. 
When the grounds used for entering the sub- 
trahend are removed re!ay S releases, fol]owed 
by the re]ays S and S. Whi]st relay S re- 
mains opeïated, relay AP is kept short circuited 
by contacts S, but as soon as re!ay S releases, 
relay AP operates. Pe]ay C then operates and 
af front contacts C circuits are closed for add- 
ing fo the minuend (dnoted by relays B and 
8B being opeïated) the complement of the sub- 
trahend denoted on relays, A, NA ... 
it may be noted here that the device of per- 
forming subtraction in radix two by adding fo 
the minuend the complement of the subtrahend 
is analogous fo the known method of perform- 
ing subtraction in radix ten by adding fo the 
minuend a numbeï obtained from the subira- 
hend by taking the complement with respect fo 
nine of each digit of the latter, and adding ! 
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 to the digit of lowest denomination. This ad- 
dition of 1 in the lowest denomination 20 is 
obtained by connecting ground from front con- 
tacts C3 over front contacts A2 fo the circuits 
5 in the column 2 . The result of subtracting 11 
from 111 is clearly 1.00 so that when this re- 
sult appears on the Z relays Z, NZ... OZ, 
only relay 0Z operates. If one attempts fo trace 
the circuit for OZ, for example, on proceeds, 
I0 battery, lower winding of ]Z, 0A4 back, i]B4 front, 
and then, because contacts A0 are up there is 
no further circuit. Similarly there is no cir- 
cuit for Z. The circuit for 2Z may be traced 
from battery, lower winding oî OZ, 0A front, 
15 2B front, A). back, B2 front, 0A0 back, fiB2 
front, 2A front, C3 front, ground. 
Theoretically the aggregate in the Z relays is 
too high by the digit 1 in denomination 2 +- only, 
which does not appear in the calculator, and this 
20 device of pushing the fugitive 1 beyond the limits 
of the calculator is well known in calcula%ors 
operating upon radix ten i. e.-in the decimaLsys- 
rem. It is the operated condition of contacts A4 
and ensures that the aggregate in denomination 
25 2 + is increased by .1 and thus the fugitive one 
pushed into denomination 2 +. 
When relay C operated, the circuit for relay T 
is completed as before af contacts C2. lelay T 
is slow operating and thus gives rime for the 
30 calculating operation to be performed belote if 
operates fully. When it has operated fully the 
locking circuits for the operated relays of the 
set A, NA . . . 0A and the circuit for AP are 
broken, lelay AP releases and breaks the cir- 
35 cuit for relay C and af contacts AP2 closes a 
locking circuit for relay OZ over relay ZP, con- 
tacts E back, 0Z front and upper winding of 
2Z. When relay C releases, the circuits for the 
previously operated relays 0B, lB and 0B are 
40 broken at contacts C and a fresh circuit is ruade 
for relay 2B over its lower winding and front 
contacts 0Z. At contacts C0 the circuit for re- 
lay T is broken and when that relay has released, 
ground is reconnected to terminal P fo indicate 
45 that a new number may be entered. 
New numbers may then be entered into the 
calculator. If such a number is entered in termi- 
nals IA if is added to the existing aggregate, if 
entered in terminals IS if is subtrac%ed from the 
50 existing aggregate. 
An aggregate may be cancelled af any rime by 
applying ground fo terminal E, which operates 
relay E. Af contacts E| the circuit for any op- 
erated relay of the a'ggregate relays Z, NZ... OZ 
55 is broken, as well as the circuit of relay ZP. 
When this ground on terminal E is removed the 
circuit returns to normal. 
Aarm 
60 Relay AL is provided in order fo give an alann 
and prevent any solution being given by the 
equipment, in cases in which if cannot perform 
the calculation. These cases are, for addition, 
when the solution exceeds the capacity of the 
65 equipment, and for subtraction when the result 
is negative. For addition, the solution exceeds 
the capacity of the equipment if there is a carry 
over of 1 from the denomination 2+  fo the next 
higher denomination for which there is no pro- 
70 vision. Ground on the wire joining contacts NA 
and BS indicates a carry over of 1 fo denomina- 
tion 2+L This would arise either from the 
operation of both relays IA and NB, which would 
be operated when the denomination of 2 N of both 
75 numbers fo be added is 1, or from the operation 
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of one of these relays and the operation of both 
the corresponding relays in the next lower de- 
nomination. Ground on the wire joining con- 
tacts NA3 and B4 indicates the absence of such 
carry over. This would arise either from both 
relays NA and NB being un-operated or from 
one of these relays being operated but with no 
carry-over from the next lower denomination. 
If therefore there is such carry over and relay B 
is operated, there is also an attempted carry- 
over of 1 to denomination 2 »+2 (which is not in 
the equipment) and relay AL is operated over 
front contacts B 2 and back contacts A 3. In sub- 
tractive operations, on the other hand, the relay 
AL is operated to show an overflow only when a 
true result is obtainable, that is, it does not op- 
erate when a true subtraction is not possible, due 
to the subtrahend being numerically larger than 
the minuend. 
When relay AL operates, it locks over contacts 
ALI to the ground holding the aggregate relays. 
Contacts AL2 (bottom left) remove the ground 
over ZP2 front which would otherwise be applied 
to a combination of terminals } to represent the 
solution; instead they connect this ground to 
terminal A to give an alarm which may be an 
electric light, if desired. 
Successive addition or subracion 
Since the situation after an addition or sub- 
traction operation is similar to the situation after 
a first number bas been entered into the equip- 
ment and accumulated on the aggregate relays, 
it will be clear that a further number may be 
entered into the equipment either for addition 
or subtraction. Numbers may be entered into 
the equipment either for addition or subtraction 
without limit providing the capacity of the 
equipment is hot exceeded. If the aggregate 
aïter a subtraction operation bas been performed 
is negative, an alarm ls given as stated above, 
but the record of the preceding transactions can 
be recovered by entering for addition the number 
last previously entered as a subtrahend. Simi- 
larly, if after an addition operation, the capacity 
of the calculator is exceeded, the previous ag- 
gregate can be recovered by entering as a sub- 
trahend the number last previously entered. 
What is claimed is: 
An electrically operated calculating apparatus 
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comprising a lîrst array of two-position devices, 
means to enter a number expressed in radix two 
into said apparatus by changing the condition 
of the individual devices in said array, means for 
5 storing the number entered into said first array, 
a second array of two-position devices, means to 
enter a second number expressed in radix two 
into said apparatus by changing the condition of 
the individual devices in said second array, 
10 means for representing the number entered into 
said second array as a complement o itself if 
the difference of said first two numbers is re- 
quired and directly as the number itself if ad- 
dition is required, and means automatically c0- 
15 operative with said last mentioned means and 
said second array to restore and reoperate the 
devices of said first array to represent either the 
sure or the difference of said numbers by the con- 
dition of the devices therein, said last named 
'20 means hucluding contacts operated by .the de- 
vices in said second array and said storing means 
and a set of sum-or-difference contacts in each 
denomination to determine whether the sure or 
difference is to be taken, the digital representa- 
'25 tion of each denomination of said sure or dif- 
ference being controlled only by contacts of the 
devices in the corresponding denominations in- 
cluding said sure or differences contacts and the 
contacts of a device in ai least one preceding 
3O denomination. 
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